INTRODUCTION {#sec1-1}
============

Skin is the largest organ of the human body acting as a barrier against various external insults including solar ultraviolet (UV) radiation. The UV spectrum is divided into three categories, UV-C (100--280 nm), UV-B (280--315 nm), and UV-A (315--400 nm). Out of the total solar UV radiation reaching the earth, 95% is UV-A, 5% is UV-B, and UV-C is totally absorbed by the ozone layer.\[[@ref1][@ref2]\] UV-B radiation is 1000 times more genotoxic than UV-A affecting the epidermal and dermal layer of the skin also producing various direct and indirect effects.\[[@ref3]\] DNA may absorb UV-B directly leading to mutations, the formation of cyclobutanepyrimidine dimers, photoproducts, etc., and p53 and its associated proteins may also induce apoptosis. UV-B induced mutations occurring in the p53 gene lead to a loss in the apoptosis control of the cell.\[[@ref4]\] UV-B interacts with chromophores and photosensitizers indirectly generating free radicals which modify biomolecules such as proteins, lipids, and DNA.

When reactive oxygen species (ROS) levels exceed a threshold, the oxido-redox status of the cell is altered, and oxidative stress ensues. Hence, antioxidants are required to neutralize excess free radicals. Synthetic antioxidants and sunscreens are used for protection against free radicals and UV-induced damage, but they have limitations on continual use. Reports suggest that thymine dimer formation, induction of p53 and immunosuppression continue at suberythemal levels.\[[@ref5]\] Photoaging leads to disarrangement of collagen, elastin, fibronectin, and proteoglycans in dermal layer whereas fibroblasts present in submucosal and subcutaneous tissues are required for repair of tissue injury.\[[@ref3]\]

The human body has various defence systems against oxidative stress that are surpassed in extensive damage, one of which is the nuclear factor E2-related factor-2 antioxidant response element (Nrf2 ARE) pathway. The Nrf2 is a transcription factor bound to its inhibitor kelch-like ECH-associated protein-1 (Keap-1) that constantly ubiquitinates Nrf2 under normal metabolic conditions. During oxidative stress, the bond between Nrf2 and Keap-1 is lost and Nrf2 translocates into the nucleus where it binds to ARE present in the promoter regions of antioxidant enzyme genes such as heme oxygenase-1 (HO-1), glutathione-S-transferase, and NAD (P) H: Quinine oxidoreductase 1.\[[@ref6][@ref7][@ref8]\] In the current study, we studied HO-1 gene regulation along with the protective effect of fraction though Nrf2-ARE pathway following UV-B irradiation. HO-1 enzyme converts heme into biliverdin that is converted to endogenous nonenzymatic antioxidant bilirubin.

Plant molecules such as polyphenols and flavonoids with antioxidant and free radical scavenging potential may be used as UV-B protectants. Antioxidants from natural sources are now applied topically as oral supplementation limits the amount reaching the skin due to biochemical processes.\[[@ref4]\] *Eugenia caryophylata* (clove) possesses good antioxidant activity, high phenolic content\[[@ref9]\] and used as analgesic, anti-inflammatory, anti-microbial, anti-viral, antiseptic agent, etc. The essential oils from clove are known to have a good antioxidant activity.\[[@ref10][@ref11]\] Clove contains a very high content of essential oil (20%) with Eugenol as a major constituent (60--95%)\[[@ref12]\] along with high content of flavonoids and polyphenols which have potent pharmacological activities. Some compounds identified in clove are quercetin, kaempferol, luteolin, myricetin, gallic acid, ellagic acid, rhamnocitrin, and oleanolic acid.\[[@ref10][@ref11]\]

UV-B protective effect of various polyphenolic compounds such as silymarin,\[[@ref13]\] sesamol,\[[@ref3]\] ursolic acid,\[[@ref14]\] ferulic acid, and\[[@ref15]\] epicatechin gallate,\[[@ref16]\] have been extensively studied. In the current study, protective activity of flavonoid-enriched (FE) fraction of clove has been studied against UV-B-induced oxidative damage in cultured human dermal fibroblast (HDF) cells by evaluating UV-B-induced cytotoxicity, intracellular ROS levels, endogenous enzymatic antioxidant levels, DNA damage, apoptotic changes, and HO-1 regulation through the Nrf2-ARE pathway.

MATERIALS AND METHODS {#sec1-2}
=====================

Chemicals {#sec2-1}
---------

HDF (ATCC no. PCS-201-012) from Scientific Research Centre, V.G. Vaze College, Mumbai; Silica Gel 60 F~254~ precoated plates, agarose, and goat anti-mouse horseradish peroxidase (HRP)-conjugated secondary antibody from Merck (NJ, USA); Dulbecco\'s Modified Eagle\'s medium (DMEM), fetal bovine serum (FBS), penicillin-streptomycin, Dulbecco\'s phosphate buffered saline (DPBS), trypsin-ethylenediaminetetraacetic acid (EDTA), and 4-(2-hydroxyethyl)-1-piperazineethanesulphonic acid (HEPES) from Genetix Biotech (New Delhi, India); 2',7'-dichlorofluorescein diacetate (DCFH-DA) dye, monoclonal antibodies against Nrf2 and HO-1 from Abcam (MA, USA); 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) from HiMedia Labs (Mumbai, India); ethidium bromide (EtBr) and acridine orange (AO) from SRL (Mumbai, India); natural product reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS), monoclonal antibody against β-actin, TRI reagent, and silymarin from Sigma (St. Louis, MO, USA); cDNA synthesis kit from TAKARA (Shiga, Japan); primers for Nrf2 and HO-1 from Eurofins (Luxembourg, Germany); SYBR green real-time polymerase chain reaction (PCR) master mix from Roche (BASEL, Switzerland); horseradish peroxidase (ECL) substrate from Bio-Rad (Berkeley, California); X-ray films from Kodak (NY, USA); and protease inhibitor cocktail from Amresco (OH, USA). All other chemicals, solvents, and reagents were of analytical grade from S.D. Fine Chemicals (Mumbai, India) and Fisher Inorganic and Aromatic Limited (Mumbai, India).

Extraction and enrichment of flavonoids {#sec2-2}
---------------------------------------

The crude alcoholic extract was prepared by cold extraction technique using n-hexane, chloroform, and alcohol successively as previously reported.\[[@ref17]\] Preliminary analysis showed the presence of flavonoids in the alcoholic extract, hence, it was used for enrichment of flavonoids.

Ten grams crude alcoholic extract was dissolved in 100 ml of distilled water and subjected to enrichment thrice using ethyl acetate.\[[@ref18]\] The FE fractions were pooled, concentrated, and stored in vacuum until further use.

TLC, TLC-DPPH and HPTLC analysis {#sec2-3}
--------------------------------

Thin layer chromatography (TLC) and TLC-DPPH analysis was performed for detection of flavonoids in the crude alcoholic extract and FE fraction using quercetin, kaempferol, and gallic acid standards. Silica Gel 60 F~254~ precoated plates were used for analysis, and solvent system used was as previously described.\[[@ref17]\] One percent Natural product reagent was used as derivatizing reagent and plates were observed under UV (366 nm) as previously reported.\[[@ref17][@ref18][@ref19]\] Another derivatizing reagent used was 0.1% DPPH and plates were observed under visible light.\[[@ref20]\] High-performance thin layer chromatography (HPTLC) was performed for the FE fraction using DESAGA HPTLC system. The chromatograms were scanned at 420 nm after derivatization with 1% natural product reagent. The spectra and retention factor (Rf) values were recorded using ProQuant software (Informer Technologies, Inc.).

Flavonoid content {#sec2-4}
-----------------

Flavonoid content of FE fraction was estimated by the previously described method.\[[@ref21]\] Quercetin was used as a standard in the concentration range of 10--100 µg/ml.

Anti oxidant activity by DPPH, ABTS and FRAP assay {#sec2-5}
--------------------------------------------------

The antioxidant potential of FE fraction was evaluated by DPPH, ABTS, and ferric reducing antioxidant power (FRAP) assays by methods previously described\[[@ref22][@ref23][@ref24]\] and was compared to crude alcoholic extract.\[[@ref17]\]

FE fraction was studied further for UV-B protective activity in HDF cells.

Cell culture {#sec2-6}
------------

HDF cells (ATCC no. PCS-201-012) were grown in DMEM supplemented with 10% FBS, 100 units/ml of penicillin, 0.1 mg/ml of streptomycin, and 2.5 µg/ml of amphotericin at 37°C, 5% CO~2~.

Treatment groups {#sec2-7}
----------------

The HDF cells were divided into seven treatment groups as follows:

Group 1: ControlGroup 2: FE fraction control (40 µg/ml fraction treated fibroblasts)Group 3: UV-B control (UV-B irradiated fibroblasts)Group 4: Positive control (UV-B irradiated fibroblasts + 5 µg/ml silymarin)Group 5: UV-B-irradiated fibroblasts + 10 µg/ml FE fractionGroup 6: UV-B-irradiated fibroblasts + 20 µg/ml FE fractionGroup 7: UV-B-irradiated fibroblasts + 40 µg/ml FE fraction.

Treatment of human dermal fibroblast cells {#sec2-8}
------------------------------------------

Cultured HDF cells were treated with FE fraction (Group 2, 5, 6, 7) and silymarin (group 4) 24 h prior to UV-B irradiation. Preliminary studies were done by MTT assay to ensure these concentrations were nontoxic. After fraction pretreatment, cells were washed with DPBS and covered with a minimum amount of serum-free DMEM.

Irradiation procedure {#sec2-9}
---------------------

A UV-B tube (Sankyo Denki, Japan) served as a UV-B source with a wavelength range of 280--315 nm and peaked at 312 nm. The cells were irradiated at an intensity of 5 mW/cm^2^ for 500 s with total UV-B radiation of 2.5 J/cm^2^ showing 50% cell viability. After irradiation, cells were incubated at room temperature for 30 min, washed with DPBS, and studied further.

Cytoprotection by MTT assay {#sec2-10}
---------------------------

HDF cells (5 × 10^4^) were seeded in 96 well plates followed by the pretreatment of FE fraction and silymarin. After 24 h, cells were washed with DPBS and then UV-B irradiated. Cells were incubated at room temperature for 30 min followed by MTT (5 mg/ml) addition and incubation at 37°C for 4 h. 150 µl dimethyl sulphoxide was added to each well and absorbance was read on enzyme-linked immune sorbent assay reader at 570 nm.\[[@ref25]\]

Estimation of endogenous antioxidants {#sec2-11}
-------------------------------------

Cell lysates were prepared from treatment groups using a lysis buffer containing 50 mM tris-Cl, 5 mM EDTA, 150 mM sodium chloride, and 0.1% sodium dodecyl sulfate (SDS), 0.5% sodium deoxycholate, 1% triton X-100, 50 mM HEPES, 1 mM phenylmethanesulfonyl fluoride, and 1 × protease inhibitor cocktail. The extracted proteins were quantified by the Folin-Lowry method and further used for biochemical assays. Superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and glutathione reductase (GR) levels were determined by the previously described methods.\[[@ref26][@ref27][@ref28][@ref29]\]

Comet assay {#sec2-12}
-----------

HDF cells (1 × 10^6^) were seeded in 6 well plates and treated with FE fraction and silymarin followed by UV-B irradiation. Cells were incubated at room temperature for 30 min. The assay was performed by described previously method.\[[@ref3]\] 100 comets of each treatment group were observed at ×400 magnification using a fluorescent microscope and analyzed by Casp software version 2.0 (CaspLab.com), percent head DNA was calculated and statistically analyzed.

Ethidium bromide/acridine orange staining {#sec2-13}
-----------------------------------------

After pretreatment with FE fraction and UV-B treatment, cells were stained using 1:20 diluted mixture of EtBr and AO (100 µg/ml each). Cells were observed under ×400 magnification using a fluorescent microscope.

Quantitation of intracellular reactive oxygen species {#sec2-14}
-----------------------------------------------------

After the FE fraction pretreatment and UV-B treatment, cells were washed and resuspended in DPBS. 10 µl of DCFH-DA (1 µM) was added to the cells and incubated for 45 min at 37°C. The ROS-positive cells were then measured in a flow cytometer at 488 nm laser wavelength and 535 nm detection wavelength.

Nrf2 and HO-1 expression by qPCR analysis {#sec2-15}
-----------------------------------------

Quantitative PCR (qPCR) analysis for Nrf2 and HO-1 was performed using 18S ribosomal ribonucleic acid (rRNA) as an internal control. Total RNA was extracted from the treatment groups using TRI reagent followed by cDNA synthesis using TAKARA Prime Script 1^st^ strand cDNA synthesis kit. SYBR^®^ green real-time PCR master mix was used for the analysis and the primer sequences and the standardized cycling conditions for Nrf2, HO-1, and 18S rRNA are given in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, respectively. Results are represented as fold change in expression as compared to the UV-B control group.

###### 

Primer sequences and product sizes of Nrf2, HO-1 and 18S rRNA for real-time PCR analysis

![](PM-11-397-g002)

###### 

Standardized cycling conditions for Nrf2, HO-1 and 18S rRNA for real-time PCR analysis

![](PM-11-397-g003)

Western blot analysis {#sec2-16}
---------------------

Cell lysates were prepared and quantified as mentioned earlier. They were resolved and transferred on nitrocellulose membrane. For Nrf2, the membrane was blocked using 5% bovine serum albumin (BSA) and probed by 1:1000 diluted monoclonal Nrf2 antibody followed by incubation with 1:2000 diluted goat anti-mouse HRP-conjugated secondary antibody. The membrane was incubated with ECL substrate and chemiluminescence was detected on an X-ray film. Membrane was then stripped using stripping buffer (10% SDS, 0.5M Tris-Cl, β-mercaptoethanol) at 55°C for 30 min and washed 5 times using phosphate buffered saline with 0.1% tween 20. The membrane was blocked using 5% BSA and reprobed using 1:500 diluted monoclonal HO-1 antibody followed by the above given procedure. The blot was again stripped and reprobed for β-actin using 5% nonfat dry milk as blocking reagent and 1:1000 diluted monoclonal β-actin antibody followed by the above given procedure.

Statistical analysis {#sec2-17}
--------------------

Results were analyzed statistically using one-way analysis of variance and Dunnett\'s post test on GraphPad Prism software, (GraphPad software, Inc.), \*\*\**P* \< 0.001. Unpaired *t*-test was also used to compare in-between the groups. Results are expressed as a mean ± standard deviation.

RESULTS {#sec1-3}
=======

TLC, TLC-DPPH and HPTLC analysis {#sec2-18}
--------------------------------

Qualitative separation of bioactive flavonoids from crude alcoholic extract and FE fraction was done by TLC using quercetin, kaempferol, and gallic acid as standards. In Figure [1a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}, lane 1--5 illustrated the bands of quercetin, kaempferol, gallic acid, crude alcoholic extract, and FE fraction, respectively. All the 3 standards were present in the crude and FE fraction. FE fraction indicated the presence of all the flavonoid bands seen in the crude alcoholic extract indicating a successful separation. The bands in lane 5 were more intense showing enrichment of flavonoids during separation. TLC-DPPH analysis is a qualitative test to detect antioxidant potential which showed that increased antioxidant activity in FE fraction may be due to the enrichment of flavonoids. Figure [1c](#F2){ref-type="fig"} and [d](#F2){ref-type="fig"} exhibited the HPTLC profile and HPTLC spectra of FE fraction. 9 peaks were detected in the HPTLC spectra with their area, area (%), and Rf values given in [Table 3](#T3){ref-type="table"}. Out of the 9 peaks detected in the HPTLC analysis, peak 7, 8, and 9 were identified as gallic acid, quercetin, and kaempferol, respectively.

![Thin layer chromatography, thin layer chromatography-2,2- diphenyl-1-picrylhydrazyl and high-performance thin layer chromatography analysis; (a) Thin layer chromatography analysis of crude alcoholic extract, flavonoid enriched fraction after derivatization with 1% natural product reagent under ultraviolet light (366 nm); (b) Thin layer chromatography -2,2-diphenyl-1-picryl hydrazyl analysis for qualitative detection of anti-oxidant activity; lane 1: Quercetin, lane 2: Kaempferol, lane 3: Gallic acid, lane 4: Crude alcoholic extract, and lane 5: Flavonoid enriched fraction; (c) High-performance thin layer chromatography profile of flavonoid-enriched fraction after derivatization with 1% natural product reagent under ultraviolet light (366 nm); and (d) High-performance thin layer chromatography spectra of flavonoid-enriched fraction after densitometric analysis](PM-11-397-g004){#F2}

###### 

Area (%), Rf values and identified components of the peaks detected in the HPTLC spectra after densitometric analysis

![](PM-11-397-g005)

Flavonoid content and anti-oxidant activity {#sec2-19}
-------------------------------------------

The flavonoid content and antioxidant activity of the FE fraction was estimated and compared to the crude alcoholic extract\[[@ref17]\] as seen in [Table 4](#T4){ref-type="table"}. The flavonoid content and antioxidant potential of FE fraction was seen to be higher than the crude alcoholic extract confirming a successful enrichment of flavonoids.

###### 

Flavonoid content and EC~50~ values of extracts in DPPH, ABTS and FRAP assays

![](PM-11-397-g006)

FE fraction exhibited a better antioxidant potential and flavonoid content than alcoholic extract, hence, was studied for UV-B protective effect on HDF cells.

Cytoprotection by MTT assay {#sec2-20}
---------------------------

Results in [Figure 2](#F3){ref-type="fig"} indicate that UV-B irradiation significantly reduces the cell viability, whereas, pretreatment of cells with the FE fraction retained the cell viability significantly. Statistical analysis showed that cell viability increased from concentration of 10 µg/ml to 40 µg/ml (\*\*\**P* \< 0.001). Results demonstrate that FE fraction reduces cell injury and also protects against UV-B induced damage.

![Cytoprotection studies of flavonoid-enriched fraction by MTT assay. Results were statistically analyzed using GraphPad Prism software by one-way analysis of variance followed by Dunnett\'s posttest and unpaired *t*-test to compare in-between the groups, \**P* \< 0.05, \*\**P* \< 0.01, and \*\*\**P* \< 0.001](PM-11-397-g007){#F3}

Estimation of endogenous antioxidants {#sec2-21}
-------------------------------------

Results indicated that the levels of all the four enzymes (SOD, CAT, GPx, and GR) were significantly reduced due to UV-B induced oxidative stress. Pretreatment of cells with the FE fraction retained the levels of all the enzymes significantly (\*\*\**P* \< 0.001) in a concentration dependent manner from 10 µg/ml to 40 µg/ml indicating a protective effect through the endogenous enzymatic antioxidant system \[[Figure 3](#F4){ref-type="fig"}\].

![Estimation of levels of endogenous enzymes. (a) Superoxide dismutase; (b) Catalase; (c) Glutathione peroxidase; and (d) Glutathione reductase. Results were statistically analyzed using GraphPad Prism software by one-way analysis of variance followed by Dunnett\'s posttest and unpaired *t*-test to compare in-between the groups, \**P* \< 0.05, \*\**P* \< 0.01, and \*\*\**P* \< 0.001](PM-11-397-g008){#F4}

Comet assay {#sec2-22}
-----------

[Figure 4](#F5){ref-type="fig"} shows results for comet assay done to evaluate the protective effect of FE fraction against UV-B-induced DNA damage. Exposure to UV-B radiations leads to loss of membrane integrity, hence, the fragmented DNA resolved outside the cell as a comet. The UV-B control group showed the least % head DNA indicating a loss of cell membrane integrity and DNA damage. Pretreatment with FE fraction showed a higher % head DNA as compared to UV-B control group indicating protection from UV-B induced DNA damage in a concentration dependent manner (\*\*\**P* \< 0.001).

![Cells at ×400 in fluorescence microscope and % head deoxyribonucleic acid in treatment groups after alkaline single cell gel electrophoresis. (a) Control; (b) flavonoid-enriched fraction control; (c) ultraviolet-B control; (d) positive control; (e) ultraviolet-B- irradiated fibroblasts + 10 μg/ml fraction; (f) ultraviolet-B-irradiated fibroblasts + 20 μg/ml fraction; (g) ultraviolet-B-irradiated fibroblasts + 40 μg/ml fraction; and (h) comparative graph showing % head deoxyribonucleic acid in all treatment groups. Results were statistically analyzed using GraphPad Prism software by one-way analysis of variance followed by Dunnett\'s posttest and unpaired *t*-test to compare in-between the groups, \*\*\**P* \< 0.001](PM-11-397-g009){#F5}

Ethidium bromide/acridine orange staining {#sec2-23}
-----------------------------------------

Results in [Figure 5](#F6){ref-type="fig"} indicated that UV-B irradiation induced apoptosis and loss of cell membrane integrity as cells appear orange in the UV-B control group. Pretreatment of cells with the lowest concentration of FE fraction (10 µg/ml) illustrated presence of bright spots inside the cell indicating nuclear fragmentation and chromatin condensation, whereas, a concentration of 40 µg/ml showed absence of bright spots in the cell. Results demonstrated protection against apoptotic morphological changes in a concentration-dependent manner as well as the restoration of cell membrane integrity.

![Ethidium bromide/Acridine orange staining. Cells observed under fluorescent microscope, ×400 magnification](PM-11-397-g010){#F6}

Quantification of intracellular reactive oxygen species {#sec2-24}
-------------------------------------------------------

Results demonstrated that the UV-B control group showed the significantly higher percentage of ROS-positive cells indicating UV-B-induced formation of ROS. Pretreatment of cells with the FE fraction showed a significant reduction of ROS-positive cells (\*\*\**P* \< 0.001) in a concentration-dependent manner from 10 µg/ml to 40 µg/ml as compared to the UV-B control group \[[Figure 6](#F7){ref-type="fig"}\]. Free radical scavenging property of FE fraction was confirmed through these results.

![Determination of intracellular reactive oxygen species by 2',7'-dichlorofluorescein diacetate dye. (a) Control; (b) Flavonoid-enriched fraction control; (c) Ultraviolet-B control; (d) Positive control; (e) Ultraviolet-B-irradiated fibroblasts + 10 μg/ml fraction; (f) Ultraviolet --B-irradiated fibroblasts + 20 μg/ml fraction; (g) Ultraviolet-B-irradiated fibroblasts + 40 μg/ml fraction; and (h) Comparative graph showing % reactive oxygen species positive cells in treatment groups. Results were statistically analyzed using GraphPad Prism software by one-way analysis of variance followed by Dunnett\'s posttest and unpaired *t*-test to compare in-between the groups, \**P* \< 0.05, \*\*\**P* \< 0.001](PM-11-397-g011){#F7}

Nrf2 and HO-1 expression by qPCR analysis {#sec2-25}
-----------------------------------------

The qPCR analysis was done to evaluate the expression of Nrf2 and HO-1 due to UV-B irradiation. In case of Nrf2, 1.8 fold increased expression was observed in the UV-B control group, whereas, 3.3 fold increase was observed in the case of HO-1 \[[Figure 7](#F8){ref-type="fig"}\]. Pretreatment of cells with the FE fraction exhibited a significant decrease (\*\*\**P* \< 0.001) in the expression of both Nrf2 and HO-1 indicating a protective effect through the Nrf2-ARE pathway. The cells in the FE fraction control group showed an increase in the expression of Nrf2 and HO-1 suggesting that the FE fraction induced the antioxidant enzymes without true oxidative stress.

![Real-time polymerase chain reaction analysis for nuclear factor E2-related factor 2 and heme oxygenase-1. (a) Fold change in nuclear factor E2-related factor 2 gene expression; (b) Expression of internal control 18S rRNA for nuclear factor E2-related factor 2; (c) Fold change in heme oxygenase-1 gene expression; and (d) Expression of internal control 18S rRNA for heme oxygenase-1. Results were statistically analyzed using GraphPad Prism software by one-way analysis of variance followed by Dunnett\'s posttest and unpaired *t*-test to compare in-between the groups, \*\**P* \< 0.01, \*\*\**P* \< 0.001](PM-11-397-g012){#F8}

Western blotting analysis for Nrf2 and HO-1 {#sec2-26}
-------------------------------------------

Expression of Nrf2 and HO-1 was determined at the protein level by western blotting analysis using β-actin as an internal control \[[Figure 8](#F9){ref-type="fig"}\]. UV-B control group indicated overexpression of Nrf2 and HO-1, which may be due to UV-B induced oxidative stress. Pretreatment of the cells with FE fraction indicated a significant concentration-dependent decrease (\*\*\**P* \< 0.001) in the expression of Nrf2 and HO-1 indicating a protective effect of the FE fraction against UV-B radiation.

![Western blot analysis for nuclear factor E2-related factor 2 and heme oxygenase-1. (a) Nuclear factor E2-related factor 2, heme oxygenase-1 and β-actin expression where 1 - control, 2 - flavonoid-enriched fraction control, 3 - ultraviolet-B control, 4 - positive control, 5 - ultraviolet-B irradiated fibroblasts + 10 μg/ml fraction, 6 - ultraviolet-B irradiated fibroblasts + 20 μg/ml fraction, and 7 - ultraviolet-B irradiated fibroblasts + 40 μg/ml fraction; (b) Densitometric analysis of nuclear factor E2-related factor 2 bands; (c) Densitometric analysis of haem oxygenase-1 bands; and (d) Densitometric analysis of β-actin bands. Results were statistically analyzed using GraphPad Prism software by one-way analysis of variance followed by Dunnett\'s posttest and unpaired *t*-test to compare in-between the groups, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001](PM-11-397-g013){#F9}

DISCUSSION {#sec1-4}
==========

UV-B radiation is a minor component of the solar spectrum reaching the Earth but is most effective in causing sunburns, aging, immune reactions, and skin cancer. It reacts with photosensitizers and leads to the formation of free radicals\[[@ref3]\] which cause various systemic diseases.\[[@ref30]\] DNA can absorb UV-B directly leading to the formation of DNA strand breaks, thymine glycols and 8-hydroxyguanine.\[[@ref31]\] Hence, protection from UV-B radiations is very necessary.

Sunscreens and synthetic antioxidants are used as UV protectants but have few limitations on continual use. Chemicals in sunscreens such as zinc oxide and titanium dioxide are unstable, and themselves become free radicals on continuous exposure to UV-B radiations\[[@ref32]\] and they can also prevent production of Vitamin D. Some of the natural plant compounds extensively studied for photoprotection are silymarin,\[[@ref13]\] sesamol,\[[@ref3]\] ursolic acid,\[[@ref14]\] ferulic acid,\[[@ref15]\] and epicatechin gallate\[[@ref16]\] which have successfully attenuated the UV-B induced cytotoxicity, antioxidant depletion, ROS generation, DNA damage, apoptotic morphological changes, etc.

Flavonoids, a type of polyphenols possess good antioxidant potential. FE fraction of clove showed significant flavonoid content and antioxidant potential, hence, was studied further for its photoprotective ability. The FE fraction contains a free radical scavenging ability and also a reducing potential as seen in DPPH, ABTS, and FRAP assays, respectively. Antioxidant ability of flavonoids depends on the structure and substitution pattern of hydroxyl groups, that is, 3', 4'-orthodihydroxy configuration in B ring and 4-carbonyl group in C ring and also the presence of 3-hydroxyl ions (OH) or 5-OH group is essential.\[[@ref10]\] Quercetin and kaempferol identified in the FE fraction contain similar configuration along with other unidentified flavonoids can be the reason for a strong antioxidant potential.

UV-B radiation induces intracellular ROS generation in HDF, which is well documented in the literature.\[[@ref3][@ref13][@ref14][@ref15][@ref16]\] Interaction of UV-B radiations with the cellular chromophores and photosensitizers leads to the formation of ROS and damage to the various bio-molecules such as lipids, proteins, and DNA. In the current study, pretreatment of cells with FE fraction significantly reduced the formation of ROS which reflects the free radical scavenging property of FE fraction.

The endogenous antioxidant system protects against oxidative damage and comprises various enzymes such as SOD, CAT, GPx, and GR and other nonenzymes like bilirubin, uric acid, etc., SOD converts superoxide anion to hydrogen peroxide which is neutralized by CAT to water and oxygen. GPx and GR are involved in removing peroxide and maintaining the oxido-redox status of the cell. GPx and GR maintain the ratio of GSH/oxidized glutathione which is an important index of oxidative stress and cellular homeostasis.\[[@ref33]\] In the current study, UV-B-induced ROS generation may have depleted the levels of endogenous antioxidant enzymes. The antioxidant enzymes are affected due to the direct absorbance of UV-B radiation, interaction with ROS or the antioxidant recycling mechanisms. Heme group absorbs UV-B radiations and decreases CAT activity; depleted SOD may be due to the formation of superoxide anion, and antioxidant recycling mechanism may be the reason for decreased GPx and GR activities.\[[@ref34]\] Pretreatment of cells with FE fraction retained the levels of endogenous antioxidant enzymes significantly with a decrease in the levels of ROS. The FE fraction may be useful against diseases caused due to UV-B-induced oxidative stress.

UV-B-induced DNA damage was also observed in HDFs. Oxidative stress-induced DNA damage may be due to the direct absorption of UV-B by DNA or through the formation of ROS.\[[@ref35]\] FE fraction pretreatment significantly reduced the DNA damage as seen in comet assay which may be due to the sunscreen effect exerted on DNA. Protective effect of FE fraction on UV-B induced apoptotic changes was studied by EtBr/AO staining. Control cells had intact nuclei, and no changes were seen in the morphology. UV-B radiation lead to apoptotic morphological changes hence showed bright orange cells. Pretreatment with FE fraction reduced the apoptotic morphological changes in the cells showing protection.

The Nrf2-ARE pathway is important in cellular defence. Pretreatment of cells with the FE fraction reversed the UV-B induced overexpression of Nrf2 and HO-1 significantly indicating a protective effect. FE fraction group also showed an increase in expression of Nrf2 and HO-1 without true oxidative stress. The diet-derived phytochemicals are Michael acceptors or are metabolized as such in the body which change the structural conformation of Keap-1 by reacting with its sensor thiols and converting them into thiolates. Hence, the level of unbound Nrf2 in the cytosol increases leading to higher translocation in the nucleus and overexpression of downstream genes which increases the threshold of oxidative stress in the cell. This phenomenon is called as priming of the cell.\[[@ref36][@ref37]\] Curcumin and caffeic acid phenethyl ester have shown to stimulate ARE-binding activity of Nrf2 in NRK cells and LLC-PK1 cells along with an increase in the HO-1 activity.\[[@ref38]\] Sulforaphane, quercetin,\[[@ref7]\] resveratrol, Vitamin E,\[[@ref39]\] and peanut sprout extract\[[@ref40]\] have also shown overexpression of Nrf2 and its downstream genes. FE fraction not only showed UV-B protection through the Nrf2-ARE pathway but also increased oxidative stress tolerance of the cell.

In the present study, we observed that the FE fraction of clove protected the cells against UV-B-induced cytotoxicity, antioxidant depletion, intracellular ROS, oxidative DNA damage, apoptotic changes, and also protected through the Nrf2-ARE pathway. Taken together, these findings suggest that the flavonoids from clove could potentially be considered as UV-B protectants and can be explored further for its topical application to the area of skin requiring protection.

CONCLUSION {#sec1-5}
==========

FE fraction of clove exhibited a significant antioxidant and photoprotective ability by reversing UV-B induced cytotoxicity, antioxidant depletion, intracellular ROS, oxidative DNA damage, apoptotic changes and overexpression of Nrf2 and HO-1 genes. Our studies demonstrated for the first time that the FE fraction from clove could confer UV-B protection probably through the Nrf2-ARE pathway. FE fraction also indicated a priming effect on the cells by increasing tolerance of the cell against oxidative stress. The flavonoids from clove have a potential as UV-B protectants and can be explored in the therapeutic and cosmetic market.
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